Exercise on Serum Cholesterol Levels Dependent on the PPARA-V227A Polymorphism: Hisao NAITO, e t a l . D e p a r t m e n t o f O c c u p a t i o n a l a n d Environmental Health, Nagoya University Graduate School of Medicine-Peroxisome proliferatoractivated receptor α (PPAR α) plays a pivotal role in lipid metabolism. Our previous study reported that PPARA-V227A was a major polymorphism in Japanese, which was associated with markedly lower serum total cholesterol (TC) levels, which were significantly affected by alcohol drinking compared to subjects with the wild-type (PPARA-WT) allele. However, serum lipids are also associated with aging and exercise frequency. The objective of the present study was to evaluate the relationship between PPARA-V227A and these factors. Genetic analysis of the polymorphism was performed in 1058 Japanese men and 281 women, and the relationship with aging, drinking and exercise on serum lipids was analyzed in 989 men and 245 women after exclusion criteria had been applied. In men, drinking increased high-density lipoprotein cholesterol (HDL-C) levels in both PPARA-WT and A227 carriers, but to a significantly higher degree in the latter. In women, TC and low-density lipoprotein cholesterol (LDL-C) levels in the A227 carriers drinking at least once a week were significantly higher than in PPARA-WT carriers. TC and LDL-C levels in males with PPARA-WT increased with aging regardless of drinking habit, while LDL-C levels in the A227 drinking carriers were significantly lower in 45-yr-old or older subjects than in 35-to 45-yr-olds. In addition, no effect of exercising was observed in the A227 carriers, while increase in the HDL-C of the PPARA-WT carriers was exercise frequency dependent. These results suggest that the influence of drinking, aging or exercise on TC, LDL-C and HDL-C levels in the A227 carriers may be different from those in the PPARA-WT subjects. (J Occup Health 2007; 49: 353-362) 
Coronary heart disease (CHD) is the main cause of death in Western populations 1) . Epidemiologic studies have shown that dyslipidemia, especially high concentrations of serum total cholesterol (TC) and lowdensity lipoprotein-cholesterol (LDL-C), is a major risk factor for CHD in Western countries 2) , and that highdensity lipoprotein-cholesterol (HDL-C) protects against the development of CHD 2, 3) . In contrast, Japanese have relatively lower average serum cholesterol values, and a correspondingly lower incidence of CHD than in Western populations [4] [5] [6] . However, nutritional lifestyles have led to an increased intake of western-style diet with relatively high fat and high cholesterol contents which has gradually increased serum cholesterol levels in Japanese populations [7] [8] [9] [10] . Serum lipid levels are associated with not only diet but environmental variables, such as drinking, exercise and smoking frequencies, and genetic factors. Alcohol intake is a behavior which increases serum HDL-C, decreases serum LDL-C 11, 12) and reduces the risk for CHD 13) . However, it also promotes lipogenesis 14) and accordingly increases serum triglycerides 15) . Exercise plays a protective role against CHD, having favorable effects on plasma lipid profiles, especially triglycerides and HDL-C 16, 17) . Smoking habits increase TC, LDL-C and triglycerides and decrease HDL-C [18] [19] [20] . However, smoking itself may be a major independent risk factor for CHD regardless of its lipid metabolism effects, since lowered cholesterol levels confer no protective benefit against smoking-related CHD 21) . Aging also affects the plasma lipid profiles, especially serum TC and LDL-C levels. In men, serum cholesterol levels increase with aging, reaching a plateau between the ages of 50 and 60 yr, thereafter slightly decreasing. In women, serum cholesterol levels increase gradually before the age of 40, then rise rapidly between 40 and 50 yr of age, and slightly decrease after the age of 80 10, 22) . As a genetic factor, peroxisome proliferator-activated receptor (PPAR) α regulates key proteins involved in lipid homeostasis 23) . It is highly expressed in numerous metabolically active tissues, especially in the liver. PPARα is a ligand-activated receptor transcription factor belonging to the nuclear receptor superfamily that regulates the expression of genes encoding enzymes and proteins involved in the transport and oxidation of fatty acids 24) . In addition to the role of PPARα in fatty acid oxidation, fibrates, which are synthetic PPARα ligands, lower plasma triglyceride and elevate HDL-C concentrations 25) . Many polymorphisms of the human PPARα gene have recently been described, especially the PPARA-L162V polymorphism in Europeans and Americans, and the PPARA-V227A polymorphism in East Asians [26] [27] [28] [29] [30] [31] . Because ethanol interferes with the DNA binding and transcription-activating properties of PPARα 32, 33) , we previously described the association of the PPARA-V227A polymorphism with serum lipid concentrations according to alcohol drinking status in Japanese men 34) . In subjects not consuming alcohol, TC levels were significantly lower in A227 carriers. In drinkers, however, the levels were comparable between the V227A polymorphisms. This suggests that the activity of PPARA-V227A in lipid metabolism might be greater than the wildtype allele, designated PPARA-WT allele, but might be decreased by alcohol drinking. Thus, while the interaction of this polymorphism with alcohol drinking has been determined, the interaction of the polymorphism with aging or exercise frequency effects on lipid metabolism has remained unclear. Therefore, the purpose of the present study was to investigate associations of the PPARA-V227A polymorphism with health check-up data, especially lipid metabolism, and its interactions not only with drinking but also with age and exercise frequency.
Materials and Methods
This study protocol was reviewed and approved by the Ethical Committee of Nagoya University Graduate School of Medicine, and all subjects provided their written informed consent.
Subjects and data collection
The subjects were 1058 Japanese men and 281 women employed in a company in the Kyushu area of Japan, who undertook annual health check-ups between September and October 2004. The obtained information included socio-demographic data, body mass index (BMI), systolic and diastolic blood pressure (SBP, DBP), blood cell counts and serum biochemistry data: aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyltranspeptidase (GGT), TC, LDL-C, HDL-C, the values of which were stable in the blood not necessarily while fasting.
Alcohol consumption, smoking and exercise frequencies were inquired with a self-administered questionnaire. Smoking habit was categorized into one of the following three groups: 1) non-smokers, 2) smokers who smoked 20 cigarettes/d or less, or 3) more than 20 cigarettes/d. Exercise frequency was categorized into one of the following three frequency groups: 1) less than once a week, 2) once or twice a week, or 3) more than three times per week.
Subjects with past medical histories possibly affecting liver function and/or serum lipid concentration were excluded from the analysis; hepatic or thyroid abnormalities, and diabetes and glucose intolerance suggested from biochemistry data fulfilling any of the following criteria: 1) fasting blood sugar (BS) ≥140 mg/ dl, 2) fasting BS ≥126 mg/dl and haemoglobin A1c ≥6.5%, 3) BS ≥200 mg/dl, and 4) BS ≥140 mg/dl and haemoglobin A1c ≥6.5%. Then the relationships between the PPARA polymorphisms and the health check-up data were analyzed. After applying the exclusion criteria, data for 989 men and 245 women were analyzed.
Classification for amount of drinking and age bracket
The male subjects were divided into three groups according to their frequency and amount of alcohol drinking: 1) non-drinker group, defined as those consuming absolute alcohol of less than 10 g/d; 2) drinker group 1 (moderate drinker group), those consuming absolute alcohol between 10 g/d and 30 g/d; and 3) drinker group 2 (heavy drinker group), those consuming absolute alcohol of 30 g/d or over. For women, each subject was classified as one of two groups because of the small number of drinkers: 1) non-drinkers, defined as those consuming alcohol beverages less than once a week, or 2) drinkers, those who consumed alcohol beverages once or more than once a week. Alcohol consumption was calculated in g/d by the method described previously 34) . To categorize the age bracket, male subjects were first divided into two groups according to the amount of ethanol consumption: 1) drinking less than 10 g/d alcohol (non-drinker group) and 2) drinking more than 10 g/d alcohol (drinker group) as in our previous study 34) . Although each subject group was divided into five groups according to 10-yr age brackets, the numbers of A227 carriers in each group were very small. Accordingly, the non-drinker and drinker groups were divided into three age groups: 34 yr old or younger, 35 to 44 yr old, and 45 yr old or older.
Mutation analysis and genotyping
Genomic DNA was isolated from peripheral blood using a DNA Extractor WB Kit (Wako, Osaka, Japan) according to the manufacturer's instructions. The PPARA-V227A variants were genotyped by the TaqMan Assay as previously described 34) . The samples with the suspected A227 homozygotes were all confirmed by direct sequencing except for one man whose genomic DNA was insufficient for the analysis.
Statistical analyses
Statistical analysis was carried out using the JMP software package (SAS Institute, Cary, NC). The HardyWeinberg equilibrium was tested by the chi-square test. Serum biochemistry values were square root-or logtransformed before analysis when they were not normally distributed. This procedure eliminated outliers beyond the range of mean ± 2.5 SD in the groups with small numbers of subjects. The interactions between PPARA genotypes and drinking statuses were evaluated using a generalized linear model (GLM) with adjustment for age, BMI, smoking (ordinal scales: never, 20 cigarettes/d or less, or more than 20 cigarettes/d) and exercise frequency (ordinal scales: less than once, once or twice, and 3 times or more in a week) as covariables. Similarly, the interactions between PPARA genotypes and age brackets were evaluated using a GLM with adjustment for BMI, drinking (g/d as pure ethanol), smoking and exercise frequency as covariables. The interactions between PPARA genotypes and exercise frequencies were also evaluated using a GLM with adjustment for age, BMI, drinking, and smoking as covariables. When significant interactions were detected, the effects of drinking status, age bracket or exercise frequency on the values were analyzed in each genotype group. In addition to the above analyses, the differences of the values in each drinking, age bracket or exercise group between PPARA genotypes were analyzed using a GLM after adjustment for the above covariables. Likewise, the differences of the values in each PPARA genotype between the subgroups divided according to drinking status, age bracket, or exercise frequency were analyzed after the covariable adjustment.
A p value of <0.05 was considered statistically significant.
Results

PPARA-V227A
The V227A polymorphism was identified as follows: of 1,058 men, 96 were heterozygous, and 5 were homozygous for A227; while of 281 women, 26 were heterozygous, and 1 was homozygous for A227. The PPARA genotype distribution was in Hardy-Weinberg equilibrium. The frequency of V227A in both men and women was 0.05, and closely similar to that reported in other populations 30, 31, 34) .
Associations of PPARA-V227A polymorphism with health check-up data in men
The sociodemographic and health check-up data of the whole male population and those of subpopulations grouped according to the PPARA-V227A polymorphism are shown in Table 1 . No significant difference in the health check-up data was observed between the PPARA polymorphisms in the whole male population. However, the less common A227 allele was associated with marginally significant higher serum concentrations of LDL-C as compared with the PPARA-WT allele after variable adjustments (p=0.06).
Impact of alcohol drinking
Next, the studied male subjects were divided into three groups, i.e. non-drinker group, drinker group 1 or drinker group 2, and the associations between PPARA-V227A genotypes and health check-up data were analyzed in each group. Significant interactions between PPARA-V227A polymorphisms and drinking status were found for HDL-C (Table 2 ). In the non-drinker group, the less common A227 allele was associated with marginally significant lower serum concentrations of HDL-C after the adjustment (p=0.07). In contrast, the A227 allele was associated with marginally significant higher HDL-C concentrations in the drinker group 2 after adjustment (p=0.05). When HDL-C levels were analyzed for each genotype, the levels for both genotypes were significantly increased by increased alcohol intake after adjustment. No significant differences in the serum concentrations of AST, ALT, GGT, TC and LDL-C were observed between the PPARA polymorphisms in all three subgroups of drinking status. However, AST and GGT levels were significantly increased, while LDL-C was significantly decreased by increasing amount of alcohol consumption after adjustment.
Serum lipid concentrations according to age bracket
The association between PPARA genotypes and serum lipid levels was analyzed according to drinking status in each age bracket. In the non-drinker group, no significant interaction was found between the PPARA genotypes and age brackets after adjustment (Table 3) . When TC, LDL-C, and HDL-C levels were compared among age brackets without dividing PPARA genotypes, TC and LDL-C levels significantly increased, but HDL-C levels significantly decreased with aging after adjustment. In 34-yr-old or younger subjects, the A227 carriers were associated with significantly higher TC and LDL-C concentrations as compared to the PPARA-WT group after adjustment, while in 45-yr-old or older subjects, the A227 carriers were associated with significantly lower HDL-C concentrations after adjustment.
In the drinker group, a significant interaction was found between the PPARA genotypes and the age brackets for LDL-C, but not for HDL-C, after adjustment. For TC, which had marginally significant interaction (p=0.06), a significant difference was found only between A227 carriers of 2 age brackets, 35-to 44-yr-olds and 45-yrold or older subjects (p<0.05). When TC and HDL-C levels were compared among age brackets without dividing PPARA genotypes, TC levels significantly increased, but HDL-C levels evidenced no significant differences after adjustment. LDL-C levels in PPARA-WT also significantly increased with age, and the levels in A227 carriers were significantly different among the three age brackets. Especially, the levels in 45-yr-old or older subjects were significantly lower than in 35-to 44-yr-olds after adjustment. A similar result was also observed for TC levels in A227 carriers. In 35-to 44-yrolds, the A227 carriers were associated with significantly higher LDL-C concentrations as compared to the PPARA-WT group after adjustment, while in 45-yr-old or older subjects, the A227 carriers were associated with significantly lower LDL-C concentrations after adjustment.
Serum lipid concentrations according to exercise frequency
Significant interactions between PPARA-V227A polymorphisms and exercise frequencies were found for HDL-C (Table 4) . Although the effect of exercise frequency was not significant as a whole after adjustment in the A227 carriers, a significant increase was observed Values are described as mean ± SD. Because of the small number of A227 homozygotes, heterozygotes and homozygotes for the A227 allele were combined to assess the association of health check-up data with PPARA genotype. a Log and b square root-transformed when testing differences between PPARA genotypes. c Adjusted for age, BMI, alcohol consumption, smoking and exercise. See text for details. Non-drinker group was defined as those consuming alcohol beverages less than once a week. Drinker group was defined as those consuming alcohol beverages once a week or more. a-d See also footnotes to Tables 1 and 2 . between exercise frequencies of once or twice a week and more than three times per week, while the levels in the PPARA-WT group were significantly increased in an exercise frequency-dependent manner. There were no significant differences in TC and LDL-C levels between the groups classified according to exercise frequency after adjustment.
Associations of PPARA-V227A polymorphism with health check-up data in women
No significant difference was observed in the health check-up data between PPARA polymorphisms in the whole female population ( Table 1 ). The subjects were assigned to a non-drinker group or a drinker group, and significant interactions between PPARA-V227A polymorphisms and drinking statuses were found for AST, TC and LDL-C after adjustment ( Table 5 ). The associations between PPARA-V227A genotypes and health check-up data were analyzed in each group. In the non-drinker group, no significant difference was observed between the PPARA polymorphisms. In the drinker group, however, the A227 carriers were associated with significantly higher serum concentrations of TC, LDL-C and GGT, and also marginally significant higher serum concentrations of AST compared to PPARA-WT after adjustment. The serum lipid concentrations according to exercise frequency were not analyzed because of the small sample size.
Discussion
In the present study, the associations of the PPARA-V227A polymorphism with serum lipid levels were determined according to aging, alcohol drinking and exercise frequencies. The effects of aging on LDL-C levels were significantly different between the PPARA genotypes in the male drinkers, but not in male nondrinkers. HDL-C levels in men increased with the amount of alcohol consumed, but the increase differed between PPARA genotypes, and the HDL-C increase was exercise frequency-dependent only in the PPARA-WT group.
In the analyses of A227 carriers according to age bracket, the LDL-C levels in those who drank more than 10 g/d in the 35-to 44-yr-old age bracket were higher than in the age bracket of 45-yr-old or older subjects. Similar results were observed for TC levels, though the interactions between the genotypes and the 3 age brackets were not significant (p=0.06). On the other hand, the HDL-C levels in the drinking A227 carriers did not change across all age brackets. In contrast, TC and LDL-C levels in those who drank less than 10 g/d increased, but HDL-C levels decreased with aging regardless of PPARA genotypes. In general, an increase in serum HDL-C, and a decrease in serum LDL-C decrease the risk of CHD or metabolic syndrome 2, 3, 13) . Taken together, in this study, drinking may decrease the risks of CHD and metabolic syndrome for the A227 carriers in the 45-yrold or older age bracket compared with those of the same age in the PPARA-WT group. For those drinking less than 10 g/d, the TC and LDL-C levels increased with aging and this result corresponds with the findings of previous studies 10, 22) . The increases in TC and LDL-C levels may have resulted from loss of PPARα activity with aging 35, 36) . On the other hand, the HDL-C levels gradually decreased with aging, especially that in the A227 carriers after age 45 was lower than that in the corresponding PPARA-WT group. Therefore, moderate alcohol consumption may provide protective effects against CHD or metabolic syndrome in this age bracket.
Alcohol intake advantageously increases serum HDL-C, and decreases serum LDL-C 11) . This is attributable to decreased cholesterol ester transfer protein (CETP) activity 37, 38) , which reportedly mediates the transfer of cholesteryl esters from HDL to LDL 39) . In the present study, male HDL-C levels increased in both PPARA genotype subjects with alcohol consumption in a dosedependent manner; however, the impact of drinking was greater in the A227 carriers. This suggests that the effect of alcohol on the function of PPARα differs among V227A polymorphisms. Since ethanol interferes with DNA binding and transcription-activating properties of PPARα 32, 33) , the decrease in the receptor activity in those who consumed a large amount of alcohol might be greater in the A227 carriers than in the PPARA-WT group. This hypothesis was also deduced from experimental findings that HDL-C levels in Pparα-null mice were higher than those of wild-type mice 40) . On the other hand, fibrates, which are synthetic ligands of PPARα, are generally effective at elevating lowered plasma HDL-C by PPARα-induced transcriptional activation 25) . If elevated plasma HDL-C, caused by drinking, is the result of lowered PPARα activity, the mechanism should be different from that of fibrates.
With increasing exercise frequency in men, HDL-C levels in the PPARA-WT group were elevated. In the A227 carriers, higher exercise frequency seemed to be necessary than in the PPARA-WT group for an increase in HDL-C and perhaps for the consequent protection against CHD, because a significant increase in HDL-C was observed only after exercise frequencies increased from once or twice a week to more than three times per week.
In women, significant interactions between PPARA-V227A polymorphism and drinking groups were found for ALT, TC and LDL-C levels, though alcohol consumption in women was less than in men. This may be because the female liver is more vulnerable to alcoholic injury than the male liver 41) , and such interactions may be attributable to greater vulnerability in female A227 carriers. In contrast, HDL-C levels showed no significant difference between the PPARA-V227A and PPARA-WT.
In general, estrogen affects the serum HDL-C levels 42) . In addition, less alcohol consumption in women compared to men might contribute to the ambiguous difference in HDL-C levels between PPARA-V227A and PPARA-WT.
In our previous study, a significant interaction between PPARA-V227A polymorphisms and drinking was found for TC 34) . In the present study, however, the interaction was not significant for the whole population, although it was marginally significant (p=0.08) for the age bracket of between 35 and 44 yr of age (data not shown). This result might be associated with the significantly smaller ratios of those showing abnormal AST and GGT levels in the present study than in the previous study population (chi-square test: p<0.01). Together along with the finding that the frequency of those showing abnormal ALT levels was not significantly different between the present and previous studies, we suggest that alcohol consumption was greater in the previous study group than in the present one, and that the accumulation of triglyceride resulting from larger alcohol consumption might have lead to the higher serum concentrations of TC seen in the previous study population 34) . Furthermore, elevated TG levels might decrease HDL-C levels, which negatively correlate with TC levels 43) , and then suppress an increase in the HDL-C levels of the drinkers. The differences in the age distribution and environmental factors such as occupation might also have accounted for the difference in the lipid metabolism between the present and the previous study populations. While the PPARA-V227A polymorphism is the major polymorphism in Japanese, the functional difference from the PPARA-WT is currently unclear. Thus, further epidemiological and in vitro studies are necessary to determine its role in lipid metabolism.
In conclusion, the results of the present study suggest that the influence of drinking habit on age-related changes in TC and LDL-C levels in male A227 carriers is different from that in the PPARA-WT group, and that the increase in HDL-C levels caused by drinking is clearer in A227 carriers than in the PPARA-WT group among men. Also, the effect of exercising on HDL-C may be greater in the PPARA-WT group than in the A227 carriers. However, these findings were observed in a cross-sectional study, and need to be confirmed in further studies.
